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Abstract 
Sustainable food production is an important issue in a world with a rapidly growing 
population and millions of people living on the verge of starvation. Phosphorus is a non-
renewable resource and one of the nutrients needed for soil to give good crop outcomes. 
Phosphorus is essential to all plants, animals and humans, and can be recycled by nature itself 
within the phosphorus cycle. Problems could arise when humans and modern technology 
interfere with this cycle and turn it into an open-ended system.  
 
In this thesis four case studies from Sweden, Ghana, Thailand and Zimbabwe are compared 
with focus on how organic waste is handled in the different countries. There results show no 
big differences between developing and developed countries. This might depend on the data 
used for the study. All countries show potential for using different recycling methods to 
increase the reuse of organic waste, both including and excluding excreta, but lacks 
technology and knowledge. By using technology, for example anaerobic digestion or 
composting, phosphorus losses could be reduced substantially. Technology costs money and 
needs knowledge, but in many cases these costs could probably be offset by not needing 
chemical fertilizers, or less of these.  
 
To reach a sustainable food production, phosphorus from all outflows needs to be considered 
for reuse: solid organic waste (food waste and garden waste), greywater (water from kitchen, 
bath and laundry) and excreta (urine and faeces).  
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Sammanfattning 
Ett växande problem i världen idag är att nå en hållbar matproduktion. Världens befolkning 
växer stadigt och miljontals människor lever på gränsen till svält. Fosfor är en icke-
förnyelsebar resurs på jorden och ett av de näringsämnen jorden behöver för att ge bra 
avkastning. Fosfor förekommer i alla växter, djur och människor och kan återvinnas av 
naturen på egen hand. Ibland när människor och den moderna teknologin påverkar den 
naturliga cykeln så förändras den till ett öppet system där resurser överutnyttjas. 
 
I den här uppsatsen har fyra fallstudier från Sverige, Ghana, Thailand och Zimbabwe jämförts 
med fokus på hur organiskt hushållsavfall hanteras i de olika länderna. Resultatet visar inte på 
några större skillnader mellan utvecklingsländer och industrialiserade länder, vilket kan bero 
på tillgänglig data. Alla länder i studien har förutsättningar att använda sig av olika 
återvinningsmetoder av organiskt avfall, både med och utan exkrementer. Genom att använda 
olika tekniska lösningar, som exempelvis rötning och olika typer av kompostering, kan 
förlusterna av fosfor minskas ordentligt. Ofta kostar teknik och den nödvändiga kunskapen 
pengar, men i många fall kan återvinning av organiskt avfall vara en ekonomisk vinst då 
mindre kemiska gödningsmedel behöver importeras. 
 
För att nå en hållbar matproduktion bör fosfor från alla olika utflöden användas; organiskt 
avfall (från kök och trädgård), avloppsvatten (från bad, kök och tvätt), och från exkrementer 
(urin och fekalier). 
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Introduction 
About 6 billion people live on our planet today. All of whom consume water, food and other 
resources in their daily lives. Especially people in the developed part of the world consume an 
unsustainable amount of resources. Studies show that if all people in the world had the same 
living standard as the average North American, we would need three planets to survive 
(Worldwatch, 2006). Some resources, like water and oil, are high up on the world’s agenda 
for reaching a sustainable development. One important resource for food production is 
phosphorus. Phosphorus is essential for agriculture and food production, but this limited 
resource is being depleted. This is a huge challenge for global food security and for the world 
to reach the Millennium Development Goal on eradicating world poverty and halving the 
proportion of people who suffer from hunger by 2015 (UN, 2005). 
 
In Sweden, about a hundred years ago, small scale farming was the norm. Most people lived 
in rural areas and were quite self sufficient when it came to agricultural products. People had 
to get by with what nature had to offer and the use of chemical fertilizers was quite 
uncommon. For achieving a good crop outcome, the reuse of nutrients was a natural way of 
farming. To achieve sustainable food production1, the world may have to revisit this way of 
thinking. The challenge is to make this approach, about reuse and sustainability, applicable to 
urban areas in all parts of the world today. Large amounts of organic waste, excreta, 
contamination by heavy metals and negative attitudes towards handling the waste, are some of 
the problems connected to the area. 
 
Nature is able to recycle some resources by itself; phosphorus in plants, animals and humans 
happen to be one of them. When people and technology start to interfere with this cycle, it 
turns into an open-ended system (EcoSanRes, 2005). Waste containing phosphorus is being 
misplaced today. 
 
There are several ways to reuse phosphorus from organic waste. Two methods are composting 
and anaerobic digestion, where faeces can be included to get an even higher phosphorus 
outcome. If technology and development is combined, there is a possibility to find more 
sustainable ways to handle the organic waste so it will be suitable as fertilizer or soil 
improver. Composting means gathering organic material from plants and animals and leaving 
it to moulder before using it as soil improver or fertilizer (NE, 2006). Anaerobic digestion is a 
technology where decomposition of sewage sludge and/or organic waste during high heat in 
an anaerobic environment produces both biogas, which is a good source of energy and fuel, 
and a bio fertilizer rich in nutrients that could be used in agriculture (Svensk Biogas, 2006).  
 
Since phosphorus is a non-renewable resource that is decreasing, the way we use phosphorus 
as a fertilizer needs to change in order to achieve a sustainable food production. The organic 
waste and excreta produced by humans and animals (food waste, garden waste, human- and 
animal faeces and urine) contains high levels of phosphorus from the food we consume. If all 
this phosphorus was returned to arable land, the soil fertility and crop outcomes could be 
higher. The problem with eutrophication of waterways (from leaching landfills, leakage from 
agriculture and wastewater discharges containing high amounts of phosphorus from urine, 
detergents, soap etc.) would also decline (Wright & Nebel, 2002, p.70). 
 

                                                 
1 Sustainable food production – in this thesis it is defined by the author as producing food without depleting the 
earth’s resources. Making sure that the amount of nutrients taken out to produce a crop is brought back to the soil 
without using non-renewable resources. 
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In this thesis some issues, both positive and negative, connected to phosphorus reuse will be 
handled. Various case studies from developed countries and less developed countries will be 
compared. Data are collected from different reports and articles and a model with phosphorus 
flows connected to households are created and used to show differences between countries 
and their use of phosphorus. 

Aim 
The aim of this thesis is mainly to compare the flows of phosphorus from organic waste and 
excreta from households in Sweden, Ghana, Thailand and Zimbabwe.  Different methods to 
reuse phosphorus are presented and the potential for the different countries to change the 
amount of reuse is discussed. 

Question 
Could a different approach when it comes to the use of /reuse of phosphorus from 
organic waste from households prevent food shortages, promote improved agricultural 
systems and lead to more sustainable food production? 
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Method 
In this thesis, a combination of two methods has been used; firstly a quantitative data 
collection from current literature within the field, and secondly a modelling of phosphorus 
flows connected to households, by creating and using a SFA-model (Substance Flow 
Analysis). The articles and reports used for the data collection are briefly explained in the 
chapter “Case studies – Phosphorus flows in different countries”, and the data compiled in 
Table 2. The collected data is used in the model. The model is created to give an impression 
about phosphorus flows connected to households and to provide a visual comparison of the 
countries. This method, with both quantitative data collection and using a SFA-model is 
chosen to easily compare the flows in the different countries and give a good overview of the 
results. Other research within this field is presented in the background.  
 
Data collection 
The literature used for data collection consists of several scientific reports written within the 
past decade by different research teams. Most of these have been obtained from the database 
“Science Direct” or via the Internet, and some has been provided by Tina Schmid Neset, Dana 
Cordell (both at Department of Water and Environmental Studies, Linköping University) and 
Håkan Jönsson (Swedish University of Agricultural Sciences, Uppsala). The reports often 
have completely different approaches, but are linked together by the problems concerning 
phosphorus, both use and sustainability. Four countries, where studies on phosphorus flows 
have been done, where chosen for comparison. The countries are Sweden, Ghana, Thailand 
and Zimbabwe. After giving a brief outline of the aim and results in the reports the data is 
analyzed and compared. In the discussion it is argued how these results (and results from 
other studies) can be interpreted and used to improve sustainability within food production.  
 

SFA (Substance Flow Analysis) 
The model is based on the principles of Substance Flow Analysis (SFA) from van der Voet 
(2002). A Substance Flow Analysis is a development of MFA (Material Flow Analysis or 
Accounting) created to suit specific substances and chemicals. An SFA is especially suitable 
in industrial ecology2, where technology, ecology and the biosphere are important factors, and 
it is based on the principles of mass balance. SFAs are useful for looking at nutrient flows and 
stocks in a system (Brunner & Rechberger, 2004 p.36).  
 
The basics of an MFA-model are explained by Baccini & Brunner (1991, p.47) in the 
following way: “each process has output and input goods, and goods have one (or more) 
origin and destination”. Processes can be defined in different ways, but in this model 
processes are seen as transformations, transports or stocks of substances (Brunner & 
Rechberger, 2004, p.37). An example of a transformation system relevant for this SFA is the 
human body where food, air and water are transformed into urine, faeces and CO2. 
 
The model used in this thesis is a steady state model, aimed to calculate the equilibrium 
situation for substance management (van der Voet, 2002, p. 97). This type of model is 
suitable to compare different types of management regimes and create scenarios. 
 

                                                 
2 Industrial ecology – seeing the idea of sustainable development as a combination of technical, economical and 
social development, within the limits of ecosystems carrying capacity in a long-term time perspective (KTH, 
2006). 
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Boundaries of the system are set primarily to the activities and processes that have a direct 
influence on households. The model also includes parts of the phosphorus cycle to show 
scenarios on how the change in reuse of phosphorus could affect the need of chemical 
fertilizers for food production. To gain understanding for the process of phosphorus reuse it is 
important to see the whole cycle. 
 
The phosphorus flow model 
When making a material flow, it is important to start with a system analysis. This one is made 
according to Baccini & Brunner (1991, p.47 answering three questions about the system: 
 

1. Which goods and processes are to be included? 
The goods included (the substance) is phosphorus. Flows included are inflow to 
households from food, garden waste and sometimes soap and detergents. Outflows 
included are greywater, which includes water from kitchen, bath and laundry, separation, 
where the organic waste can go to different processes, excreta where urine and faeces 
from the households are handled, and solid organic waste where food scraps and 
sometimes garden waste are included. 
2. Where are the boundaries of the system? 
The boundaries of this system are the household, focusing on the nutrient phosphorus. 
Household equivalents to inhabitant, since data is calculated per person. 
 
3. Which time span is to be covered? 
This is a steady state system and the data used is calculated per year.  

 
After identifying the flows of phosphorus and choosing which processes to focus on, a sketch 
of the model was made. Some other processes were included in the figure to get a better 
overview of the phosphorus cycle, but they are only to some extent included in the 
quantification, depending on available data.  
 
Phosphorus flows connected to the household cycle are included, such as outputs from the 
household to the hydrosphere, landfill, combustion and compost. Also flows connected to 
food production, agriculture and use of fertilizers are included to show how phosphorus flows 
are connected to household’s use of organic material.  
 
The model 
The model includes phosphorus (P) flows related to households and food production (Fig. 1). 
It is important to see the phosphorus cycle within the system, which is why these flows are 
included. Focus is on the part within the broken line, phosphorus inflow to households via 
food, soap and detergents. The main phosphorus outflow is excreta, then greywater and 
organic waste. The part within the broken line is enlarged in the result part to simplify the 
comparison between the countries and to give a more detailed picture of the flows. 
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Phosphorus flows in households 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 
This is a model over phosphorus flows connected to households. Only the area within the broken line is actually 
being modelled, but the figure is to give an overview of the phosphorus cycle. The broken arrows are the 
preferred flows when it comes to reuse of phosphorus. This is a steady state system with no phosphorus stocks 
within the broken line so the rate of change = 0. Squares are processes in the system, while an arrow equal a 
flow.  
 
The flows included are inflow of soap, detergents and other matter containing phosphorus. 
Food inflow is what comes in through diet. Solid organic waste is mainly food waste and 
sometime garden waste. Excreta is urine and faeces coming out of the household. Greywater 
is wastewater from kitchen, bath and laundry. Chemical fertilizers are the fertilizers used on 
arable land to produce food and animal feed. 
 
Processes include the household where phosphorus in food and from garden waste, soap and 
detergents is transformed into new outflows. Separation, which illustrates how the solid 
organic waste is collected and then has different options on where to end up. Combustion is 
the part that is burnt, Landfill is where organic waste is dumped, Compost is where organic 
waste is treated before reused in agriculture.  Hydrosphere is all waterways where greywater, 
sometimes excreta, and water from wastewater treatment plants end up. Wastewater treatment 
plant is where greywater and excreta is treated if one is connected to the system. Food 
production / Arable land are farmland used for food production or growing animal feed. 
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The reports have different definitions about what is included in the term “organic waste”. In 
some reports excreta is included and in some garden waste. This is specified by footnotes in 
table 2, compiled data. Generally organic waste includes solid organic waste, greywater and 
excreta.  
 
In this study a rough mass balance calculation over inputs and outputs in the model are done, 
including data available. The unknown factor in some of the case studies is named X. X can 
range from 0-X to balance the calculation. Changes in stock are 0 (steady state) and equals 
inflows - outflows +/- X (missing flows).  If changing the inputs or X, the output or reuse will 
vary. This method can be used to estimate possible reuse of phosphorus and how changing the 
way waste is handled can affect loss of the nutrient.  
 
In some studies, data from municipal waste has been used, but is equivalent to the use of 
households after dividing it by the number of inhabitants. This is marked in footnotes in the 
table with compiled data. 
 
Detergents and soap contains phosphorus as well, but these are generally not included in the 
modelled part because of lack of reliable data. 
 
The SFA-model does not include all existing phosphorus flows, only the ones identified by 
the author as important to households. Including the whole phosphorus cycle would give a 
better overview, but the limited extent on this thesis prevents this. The model includes flows 
of phosphorus content in solid organic waste, excreta and, where data is available, greywater. 
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Background 

The use of Phosphorus 
Agriculture today depends strongly on artificial fertilizers consisting of nitrogen, potassium 
and phosphorus. Phosphorus is a substance essential to all aquatic and terrestrial growth 
(Steen, 1998, p.28). In most soils, all trees, plants and animals phosphorus is to be found. For 
example, in tropical rainforests almost 100 % of the nutrients are recycled, that is why when 
rainforests are cut down or burned, the nutrients stored in the organisms will be washed out 
by rains, and the soil will very soon be unproductive (Wright & Nebel, 2002, p.70). The 
problem is that too much, as well as too little phosphorus has negative impact on the 
environment. A lack of phosphorus in soils leads to less crop outcomes, while a surplus will 
contribute to accumulation of phosphorus in the soils (Djodjic, 2005, p. 94) and to 
eutrophication3 of waterways and lakes from leaching arable land and landfills.  
 
Even though phosphorus is the eleventh most common element on earth, it is a limited and 
non-renewable resource, only to be found bound to other elements as phosphates, forming for 
example phosphate rocks, and never exists in its pure form (EcoSanRes, 2005). To produce 
industrial fertilizers, phosphorus is mined from a few places in the world. There are different 
estimates concerning how long the phosphorus sources will last. Some estimate that the global 
resources will run out within 60-130 years (Steen, 1998, p.31).  
 
Today about 80 % of the phosphorus is used to produce chemical fertilizers and the remaining 
20 % goes to animal feed, detergents and other applications (EcoSanRes, 2005). Two thirds of 
the phosphorus available globally is situated in Morocco (situated in West Sahara but owned 
by Morocco), China and USA. Phosphorus in chemical fertilizers can be replaced by organic 
fertilizers at a ratio of 1:1 in agriculture (Björklund et al. 2000, p.52 & 47).  
 
In the past 50 years the use of fertilizers has increased more than ten times to about 145 
million tons per year at present. About 40 of these 145 million tons of fertilizers are 
phosphorus (P2O5) (Gumbo & Savenije, 2002, p.1). By the year 2025 some calculations show 
that the demand of fertilizers will be 250 million tons per year. The main reason for this 
higher demand is increased food production. The rising population in the world means more 
food is needed, and the change to diets more based on animal products needs higher input of 
fertilizers. When phosphorus is mined from phosphorus rock and transformed to soluble form, 
a lot of it ends up in waterways from the urban water cycles, leakages and sewages, causing 
impacts on both the environment and human health. Gumbo & Savenije (2002 p.1) argues that 
this is important to keep in mind when thinking about “sustainability” and “ecologically 
suitable” activities.  
 
For agricultural soils to give good yields there is a need for several nutrients and substances 
like nitrogen, potassium, phosphorus (P), water, carbon, sunlight and some other substances. 
On average a crop needs 10-20 kg P/ha/yield, but this can vary locally (Heivonen-Tanski & 
van Wijk-Sijbesma, 2005, p.404). Important to remember is that even if the total share of 
phosphorus in soils is quite low, the productivity of the soil will decrease rapidly if suffering 
from phosphorus deficiency.  
 
                                                 
3 Eutrophication means enrichment of nutrients (mainly nitrogen and phosphorus) in marine- and freshwater 
systems. This causes algal blooms which clouds the surface and decreases the oxygen level in the water, which 
in turn leads to disrupted aquatic ecosystems and fish death (EcoSanRes, 2005). 
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When starting to apply phosphorus as a fertilizer on soils the efficiency is quite low the first 
year, only about 15-25 % is taken up by the crop (Steen, 1998, p.29). The rest of the 
phosphorus is fixed in the soil as reserves. After a few years with regular application of 
fertilizers the accumulated phosphorus will be available for the crops. This is what has 
happened in many developed countries now, leading to high crop outcomes.  
 
The phosphorus cycle 
Phosphorus is, as mentioned before, to be found as phosphates in rocks and soil minerals, 
formed by million of years of sedimentation (Wright & Nebel, 2002, p.69-70). The 
phosphates is absorbed by plants from soils or water and transformed into organic phosphate. 
Those phosphates goes through the food chains in nature, where some is decomposed and 
some released from animals as excreta and reabsorbed by plants again. Phosphorus does not 
have a gas phase, and only exists bonded to other substances. It is only recycled by nature if 
the waste containing phosphorus is brought back to a working ecosystem. 
 
Humans do tend to interfere with this cycle, cutting down tropical rainforests and using 
chemical fertilizers (Wright & Nebel, 2002, p.70-71). Crops fertilized with phosphorus often 
cause leakages to waterways. Almost no phosphorus at all can be brought back to soils from 
water, which leads to eutrophication of waterways. People and technology turn this cycle into 
an open-ended system (EcoSanRes, 2005). We keep on depleting phosphorus from phosphate 
rocks at a rapid pace. This means that even if we have enough phosphorus for a few more 
years it will become more and more costly to extract, and the phosphate will be of poorer 
quality and quantity (Steen, 1998 p.26).  
 

Diet impact on the need of phosphorus   
The world population is rising rapidly, approximately by 80-85 million people every year 
(Steen 1998, p. 28). At the same time when more people reach a wealthier lifestyle, the eating 
habits are changing towards a more meat- and dairy based diet. This will affect the need of 
phosphorus in agriculture since more cereals are needed to support the meat production: 
“meat production is inefficient at both energy and nutrient conversion; the cereals to meat 
conversion ratio in intensive animal husbandry is 3:1 for poultry, 4,5:1 for pork and 6:1 for 
red meat” (Steen, 1998, p.28). To increase the meat production, the crops and cereal 
production will have to increase as well, which means the need of phosphorus will follow.  
 
In Sweden the main intake of phosphorus comes from dairy products (23 %), meat and egg 
(16 %), cheese (11 %) and bread (11 %) (Livsmedelsverket, 2005). These are products rich in 
phosphorus, and highly consumed in industrialised countries. The phosphorus content in some 
basic foodstuff is (Statens livsmedelsverk, 1990);  
Milk 0,93 g/kg  Egg 2,0 g/kg 
Chicken 1,73 g/kg  Potatoes 0,46 g/kg 
Pork 1,88 g/kg  Rice, polished 1,10 g/kg 
Fish ~2,0 g/kg  Wholegrain 

bread 
1,81 g/kg 
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Table 1. Recommended yearly intake of phosphorus through diet, and the actual phosphorus 
intake in three countries.  
 Recommended 

yearly intake 
for humans 
(EFMA, 2000 
p.7) 
g P/year 4 

Recommended 
yearly intake in 
Sweden 
(Livsmedels-
verket, 2005) 
g P/year5 

Yearly intake 
in Thailand 
(Færge et al. 
2001, p.67) 
g P/year 

Yearly 
intake in  
Zimbabwe 
(Gumbo et 
al. 2002, 
p.6)  
g P/year 

Yearly intake in 
Sweden 
(Livsmedelsverket, 
2003)6 
g P/year 

Children 175 219    
Adults 255 219 576 500 465 (females) 

585 (males) 
Pregnant 
and 
lactating 
women 

335 256-328    

 
In some parts of the world the consumption of phosphorus exceeds the need, often in 
countries with high intake of dairy and meat products. The use of phosphorus is higher in 
meat and dairy production than when producing cereals. Table 1 shows yearly intake data of 
phosphorus in different countries and the recommended yearly intake from Sweden 
(Livsmedelsverket) and EFMA (European Fertilizer Manufacturers Association). The 
phosphorus intake in Thailand, Zimbabwe and Sweden is higher than recommended. Since 
these numbers are from different studies and different methods are used to provide the data 
they could be difficult to compare. 
 
Phosphorus in excreta 
A lot of research has been done on nutrients and recycling, mainly concerning urine and 
faeces. The results from some of these studies show large benefits from separating urine and 
faeces directly in the toilets, and preferably not connect toilets to the wastewater system at all 
(Jönsson et al. 2004 p.1-10). When urine is separated from faeces and stored properly it is a 
perfect and very efficient fertilizer. The other advantage is that faeces not mixed with wet 
waste are a lot easier to handle. Faeces can preferably be mixed and co-composted together 
with kitchen waste, and it will provide a safe and good fertilizer for agricultural soils.  
 

Phosphorus uptake in agriculture 
In many developing countries soils lack phosphorus, partly due to political and economical 
issues (Steen, 1998, p.29). Lack of phosphorus is often what limits the yields. To reach the 
highest yields possible, the soil needs to be saturated with phosphorus (and have access to 
other nutrients, as well as water) but no more – that could lead to leaching and eutrophication. 
If the organic waste (urine, faeces and composted food waste) produced by humans and 
animals after consuming crops or meat, is returned to the field, almost no chemical fertilizers 
would  be needed since this would provide the same amount of nutrients taken out of the 
system (Jönsson et al. 2004, p.5). Human excreta is not used as a fertilizer to a high extent in 
Sweden so chemical fertilizers are used (often more than needed) and the excreta ends up in 
the sewage system, contributing to eutrophication together with animal manure (EcoSanRes, 
2005).   
 
                                                 
4 day data * 365 / 2,29 (ratio P:P2O5 is 1:2,29) (EFMA, 2000, p.5) 
5 day data * 365 
6 day data * 365 
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Urine and faeces both contain high amounts of nutrients. Faeces for example, are rich in 
phosphorus, organic matter and potassium, while urine contains mainly nitrogen and 
phosphorus (Jönsson et al. 2004 p.1). Using excreta as fertilizer is a very old tradition that has 
partly been forgotten or overtaken by chemical fertilizers in many parts of the world. The 
report from Jönsson et al. (2004 p.1) concludes: “The best fertilizing effect is achieved if 
urine and faeces are used in combination with each other, but not necessarily in the same year 
on the same area”. For application of faeces on agricultural land the same amounts as the local 
recommendations for phosphorus fertilizers can be used. It is important to follow application 
advice on when and how to apply fertilizers to reach the best outcome. 
 
When faeces are applied, there is a notable improvement in the water-holding capacity and the 
structure of the soil (Jönsson et al. 2004 p.1). The faeces are often mixed with ash and other 
organic matter to improve the soils buffering capacity and pH level. There are many 
substances that are needed for good crop outcomes and that can limit the growth, phosphorus 
is just one of the essential ones. Faeces from one person during a year are enough to fertilize 
up to 300 m2 of farmland and urine from one person could fertilize up to 600 m2 with 
phosphorus7.  
 
As mentioned earlier, the phosphorus (P) needed for one crop yield is between 10-20 kg P/ha 
(Heivonen-Tanski & van Wijk-Sijbesma, 2005, p.404). Most soils in Western Europe 
accumulate about 10 kg P2O5 /ha annually (the P:P2O5 ratio is 1:2,29) (EFMA, 2000 p.5 & 
14). Every year arable land in Western Europe is fertilized with about 43 kg P2O5/ha, while 
permanent crops or grassland receives about 27 kg P2O5/ha (EFMA, 2000 p.13). 
 
Contaminating substances in excreta 
One of the much discussed problems of using excreta or sewage as fertilizer is the high 
amount of heavy metals and other contaminating substances. Generally excreta have a quite 
low concentration of heavy metals and other contaminating substances. Kidneys filter the 
urine, but faeces might contain a slightly higher amount of these unhealthy substances 
(Jönsson et al. 2004, p.7-9). What is important to point out is that “what comes in, comes out” 
so what you eat and expose yourself to, is what your excreta will contain. Considering this, 
the levels of contaminating substances are generally lower in excreta than in chemical 
fertilizers and farmyard manure. Human urine contains hormones produced by our bodies and 
from pharmaceuticals. These are mainly natural and assumed not to have negative impact on 
the quality or quantity of the crops. The amount of hormones from animal manure used as 
fertilizer is a lot higher than in human urine. When urine and faeces are mixed with the 
topsoil, microbes will degrade these substances and reduce the risks (Jönsson et al. 2004, p.8). 
It can also be seen as a better option for excreta to be reused in arable land than flushed into 
recipient water where mammal hormones are not as common. There is a need to be careful 
and consider the high use of pharmaceuticals when is comes to the use of excreta in food 
production.  
 

                                                 
7 Urine als o contains high amounts of the fertilizer nitrogen, and one person could provide enough nitrogen for 
300-400m2 of crop per year. 
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Attitudes on ecological sanitation systems 8 
There are a lot of negative attitudes towards excreta and handling it (Drangert, 2004, p.24). 
People find excreta smelly and repulsive, which leads to some resistance towards using 
ecological sanitation systems like urine diverting toilets, where the urine and faeces is to be 
treated separately. A problem is how the excreta will be collected; there are negative attitudes 
to dealing with other peoples smelly faeces. If the smell problem is dealt with, by using ashes 
or other techniques, people are more positive towards this kind of system. Farmers do seem to 
have a slightly more positive attitude towards excreta as useful fertilizer, but only on crops 
not so sensitive to reactions from the market (Drangert, 2004, p.25). 
 

Examples on technology  
Several different methods and technologies can be used to help and support the reuse of 
phosphorus. In this section some are mentioned to show a few different options that are 
available today.  
 
Urine separation 
Urine separation is when urine and faeces are separated to produce both liquid and solid 
fertiliser. Ekoporten is a project in Sweden where all toilets in an apartment building are 
equipped with urine separation, and faeces are co-composted together with kitchen waste in 
two stages. Firstly the waste is put for approximately six weeks composting in a rotating 
compost bin and then “after-composting” or storage for about 6 months before used as soil 
improver for the flowerbeds (Lindgren & Grette, 1998, p. 36-37). The phosphorus content in 
the dry mass is 30 % after the first stage of composting while increasing to 60 % after the 
second stage (Lindgren & Grette, 1998, p.33). The urine is stored properly and then used as 
fertilizer for growing animal feed by local farmers (Svane & Wijkmark, 2002, p.62-64). 
Ekoporten has at the time of these studies been entirely disconnected from the municipal 
wastewater system. The wastewater is cleaned by a filter bed in the so-called “ecopark” 
behind the house where the water is cleaned before it flows into a creek.  
 
According to an evaluation study made by Vinnerås (2001 p.12-13), there are quite a few 
things about the urine separating system and co-composting that could be made even more 
efficient. Because of the problem with toilet paper not being allowed to the same drain as the 
urine, every time someone urinates, they also have to flush paper down the faecal hole. This 
results in a lot of wastewater going down the pipes, making the compost slightly to wet. 
Another problem is the fact that domestic cleaning water is flushed down the toilets 
contaminating the faecal fraction with more heavy metals. This is bad for the composting 
process and makes it more difficult to use the compost as fertilizer in agriculture. 
 
Vinnerås (2001, p.13-14) also shows that using a different kind of technique for separating the 
faeces from wastewater could improve the separation from 70 % phosphorus today, using the 
Aquatron technique, to 92 % phosphorus if using a smaller filter with 70 µm pores. The 
smaller pores could collect phosphorus from faeces even after it was dissolved in the water. 
 
Vermicomposting 
When it comes to recycling organic waste, the technology of vermicomposting (presence of 
earthworms in composts), affects the amount of phosphorus in different organic materials 

                                                 
8 Ecological sanitation system – the concept of toilet design, waste handling, greywater discharge, health aspects, 
costs etc. suitable for nutrient reuse involving socio-cultural issues (Drangert, 2004, p.1-3). 
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(Ghosh et al.1998 p.149). The different types of organic wastes studied were vegetable waste, 
cow dung, poultry dropping, municipal waste, and dry leaves. Focusing on the vegetable 
waste, there is a definite improvement in the amount of easily extractable phosphorus where 
earthworms have been present in the compost.  
 
This means that adding earthworms to household composts shortens the process of reducing 
organic phosphorus in the soil and mineralizing phosphorus more efficiently, so soil fertilized 
with the compost treated with earthworms is more suitable for agricultural use. Especially the 
easily extractable phosphorus in vegetable waste was more than doubled after 7 weeks with 
earthworms present in the compost (Ghosh et al. 1998 p.152). 
 
Anaerobic digestion 
Using the technology of anaerobic digestion, where decomposition of sewage sludge and/or 
organic waste is accomplished during high heat in an anaerobic environment, both biogas and 
a high nutrient bio fertilizer is produced. The bio fertilizer is very effective for agricultural use 
and the biogas is very high in energy and useful as fuel both for transport and for heating. 
(Svensk Biogas, 2006). Anaerobic digestion is also very time-efficient; it only takes a few 
days or weeks for the process to finish. 
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Case studies – Phosphorus flows in different countries  
In the following, studies from four countries that consider the flow of organic waste from 
households are presented. In some countries several different reports are used to obtain the 
data required. Data from these studies are extracted and compiled in Table 2. Some of these 
data are used in the SFA-model. 
 
Table 2. Phosphorus flows in and out of households in different countries.  
Country Study Inflow of 

P to 
household 
kg/ 
person/ 
year 

Outflow of P from households (kg/person/year) 

   Solid organic 
waste  

 Excreta  Greywater 

Sweden Vinnerås in Jönsson, 
2004, p.5 

  0,5489  

Sweden Palmquist & 
Jönsson, 2003 p.590 

 0,05710 0,25011 
0,25012 

 

Sweden Livsmedelsverket, 
2003 

0,465-
0,58513 

   

Sweden Gajdos, 1998 p.72-
73 

 0,2-0,514 (MSW) 0,7-0,8  

Ghana Belevi et al. 2000 p.9 1,215 0,3916 
33%17 

0,67 
56%18 

0,1419 

Thailand 
(Southern) 

Schouw 2002a, 
p.335-336 & 2002b 
p.163 

 0,05820 0,584-
62021 

0,87622 

Thailand 
(Bangkok) 

Færge et al. 2001, 
p.64-67 

0,57623 
 

   

Zimbabwe Gumbo & Savenije, 
2002, p.2-3  
Gumbo et al. 2002 
p.6-8 

0,524 0,052-0,13125  
 

0,7-1,126  

                                                 
9 365 g from urine and 183 g from faeces 
10 In biodegradable solid waste 
11 Urine mixture (included flush water) 
12 Faeces and toilet paper 
13 Through diet 
14 P loss kg/ person/ year in MSW (Municipal Solid Waste) not including excreta 
15 Included waste in to households (garden waste, kitchen waste, etc.) 
16 The flows are estimated with a 20-50 % error margin 
17 % by P inflow end up as organic waste in outflow 
18 % by P inflow end up as excreta in outflow 
19 Assumed after subtracting waste and excreta from P input (1,2 – 0,67 – 0,39 = 0,14) 
20 Daily generation 0,16 g P /person * 365 days = 58,4 g P/person/year 
21 1,6-1,7 g/person/day * 365 = 584-620 g/person/year 
22 2,4 g/person/day * 365 = 876 g/person/year 
23 Through diet 
24 Through diet 
25 47,5 – 118,6 kg compostable organic waste * P content in organic waste (1,1g/kg) = 52-130,5 g P/person/year 
26 Sewage including detergents and soap   
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Sweden 
Increased nutrient recycling in Stockholm of biodegradable waste could reduce the net 
environmental impact according to Björklund et al. (2000, p. 43-45). The ORWARE model 
was used (a computerised model, useful for comparing environmental impact from municipal 
waste systems) were both liquid and solid biodegradable wastes are included as well as 
transports of the nutrients in the recycling process. One of the three main focuses in the study 
is large-scale composting in an urban area. All scenarios are based on the assumption that 50 
% of the sewage sludge was used in landfills and 50 % spread as fertilizer (Björklund et al. 
2000, p.49-50). Analyses of the waste streams show that food waste from households contains 
3,8 g P/kg dry matter while garden waste from households contain 1,0 g P/kg dry matter 
(Björklund et al. 2000, p.51). The flow of food waste from Stockholm households is 
calculated to about 47 500 tons/year (dry matter content 31 %) and the garden waste from 
households 3 300 tons/year (dry matter content 70 %), meaning that 55 955 kg phosphorus 
originates from food waste and 2310 kg phosphorus from garden waste in Stockholm27.  
 
Björklund et al. (2000, p.55-56) concludes that a high rate of phosphorus recycling is very 
important for preventing phosphorus leaching from landfills and to save this non-renewable 
resource. The impact of transports in nutrient recycling in urban areas is not a major problem, 
but contamination of organic fertilizer products must be considered before introducing large-
scale recycling of nutrients from municipal waste. 
 
From Palmquist & Jönssons study (2003, p.590) it is found in Gebers, an “ecological” house 
with urine separating toilets, that the annual flow of phosphorus from urine (including flush 
water) is 250 g/person, and from faeces mixed with toilet paper 250 g/person as well. This 
quite high number for faeces and low for urine is probably due to urine ending up in the 
wrong container (Jönsson, 2006). The amount of  pure phosphorus in biodegradable solid 
waste at Gebers was 57 g/person/year (Palmquist & Jönsson, 2003, p.590). 
 
Another study on the subject is Gajdos (1998 p.67) whose point is that since most fertilizers 
cannot be reproduced, it is very important to see organic waste as a raw material that is 
renewable. If we do this and make the reuse efficient, there is a lot of money to save within 
the area. The report is based on the idea that “environmental degradation is often caused by 
mismanagement of wastes” (Hart, S.A. in Gajdos, 1998, p.68). The study focuses on different 
cultivation systems (forestry, agriculture, aquaculture, horticulture and green urban areas) and 
how they presently use chemically synthesised fertilizers and pesticides. Organic waste and 
residues from agriculture consists of nutrients that could be reused in different cultivation 
systems and to produce bioenergy.  
 
In Sweden the Municipal Solid Waste (MSW) during 1992 was 3,2 million tons, of which 80 
% was biodegradable according to Hedlund at the University of Lund (in Gajdos, 1998 p.72). 
Assuming that each inhabitant in Sweden produces 280 kg of organic MSW each year, the 
nutrition lost per person is about 1,4-4 kg of nitrogen, 1-2,5 kg of potassium and 0,2-0,5 kg of 
phosphorus (not including excreta). 
 
Today in Sweden about 10 % of MSW is composted but a national goal is that by the year 
2010, 35 % of the food waste is to be biologically treated (RVF, 2006). At the time of Gajdos 

                                                 
27 Tons * % dry mass * P content 
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study, 1998, 5 % of the MSW was composted, about 50 % was burned and 45 % dumped 
(used as landfill) (Gajdos, 1998 p.72).   
 
Gajdos (1998 p.72) argues that “the use of inorganic fertilizers should be allowed only when 
all OW (organic waste) is recycled and there is need to compensate losses, which, with 
improved technology, can be at a minimum.” The report includes calculations of savings 
possible to make and in money Gajdos (1998, p.72) states that every year USD 10-15 per 
capita is lost in Sweden due to the inefficient and almost non-existing reuse of nutrients. If 
considered that the population is about 9 million people, this sums up to USD 90-135 millions 
annually. 
 
Gajdos (1998, p.80) study also shows different ways to treat organic waste, where closed 
systems has a very high efficiency, while open systems have some emissions and losses and 
take longer time. This means technology is very important within this area. An input of 1000 
kg raw material (organic waste) would with an open compost reach an outcome of around 300 
kg of compost and some emissions, losses and pollution. With a closed system where 
bioreactors are used up to 800 kg of biofertilizer could be extracted, or a slightly lower 
amount of biofertilizer (about 600 kg) if biogas is extracted as well (1000 kWh) (Gajdos, 
1998, p.80). Excreta could be included preferably in closed systems. Using bioreactors is 
more costly since it requires knowledge and technology, but the process is quicker and it only 
take some weeks to transform organic waste into useful material. 
 

Ghana 
This case study covers the city of Kumasi in Ghana with almost 1 million inhabitants. At first 
nitrogen and phosphorus flows were determined for different areas like agriculture, 
households and industry. The results show that, through different types of wastes, annually 
500 tons of phosphorus is disposed in landfills (Belevi et al. 2000, p.1). Another problem is 
that the losses to surface water is severe, about 690 tons of phosphorus every year, and 310 
tons is discharged onto the soil, just from this city. By recycling organic waste and material 
about 30 % of the phosphorus demands for urban and peri-urban agriculture could be covered. 
This is mainly based on a system where faecal sludge is co-composted with solid organic 
waste currently used in landfills.  
 
In Kumasi the average person consumes 770 kg of food every year, excluding food 
production for own consumption on own land (Belevi et al. 2000, p.8). Of all phosphorus (P) 
transferred to water, air, soil and landfill, about 90 % comes from households (Belevi et al. 
2000, p.10). Phosphorus flows in solid waste from households in Kumasi contains 0,39 kg 
P/person/year28 excluded excreta (Belevi et al. 2000, p.9). Including excreta the level is raised 
with 0,67 to 1,06 kg P/person/year.  
 
Of the organic waste approximately 0,11 kg P/person/year ends up in ground- and surface 
water, 0,11 kg goes into the soil and 0,17 kg to landfills. Of the excreta, 0,47 kg P/person/year 
ends up in the ground- and surface water while 0,20 kg goes into the soil (Belevi et al. 2000, 
p.9). 
 

                                                 
28 The flows are estimated with an error margin of 20-50 %. 
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Households are identified as the key processes for organic material and phosphorus flows in 
Kumasi (Belevi et al. 2000, p.15). By changing attitudes and taking measures at a household 
level the reuse of phosphorus could increase greatly. 
 

Thailand 
Bangkok 
Big cities under development constitute an interesting basis for studying organic waste 
handling since the amounts are large and the space for landfills are limited. Færge et al. 
(2001) have studied the nutrient flows of nitrogen and phosphorus in Bangkok. The 
phosphorus inflow to the city region is from food, fertilizers, animal feed, wastewater and 
atmospheric deposition. Both food imported and produced in the region is included. Outflows 
from Bangkok are mainly as sewage, solid waste and nightsoil sludge (mainly food waste 
from night markets) (Færge et al. 2001, p.65). A big part of phosphorus is missing in the 
outflows, some are accumulated in the fishponds sediments and in the klongs (canals) 
sediment and in the soil. A big river, Chao Phraya, flows through Bangkok and much of the 
phosphorus ends up here from either sewage or waste. An estimated 1490 tons/ year of 
phosphorus end up in the river (Færge et al. 2001, p.69). Of the food waste collected in 
Bangkok (620 000 tons/year) the phosphorus content is approximately 168 tons. In the current 
situation only 10 % of the phosphorus from households in Bangkok is recovered.  
 
Southern Thailand 
Organic waste handling in three areas in Southern Thailand, both urban and rural, shows that 
the old tradition of reusing kitchen waste and greywater as animal fodder or on to soils is 
decreasing (Schouw et al. 2002a, p.336). Between 30-75 % of the organic waste is spread in 
gardens and used as animal feed today. Presently a lot of the organic waste goes to landfills, 
which are unsanitary, costly, polluting and land consuming. The average person in Southern 
Thailand produces about 228 g of wet organic waste every day, this means 83,2 kg every year 
and approximately 0,058 kg P/person/year. Grey household wastewater from cooking, dish- 
and cloth washing and personal hygiene contains about 0,876 kg P/person/year (Schouw et al. 
2002a p.336). Assuming that all kitchen waste and grey wastewater was recycled on to 
agricultural soils, it would be equivalent to 8 % of the fertilizer needed. Biodegradable waste 
is often more suitable as fertilizer than inorganic nutrients, since it helps increasing the soils 
organic content and water holding capacity, leading to increased yields (Schouw et al. 2002a 
p.338). Human excreta in this part of Thailand contains on average 584-620 g P/person/year 
(Schouw et al. 2002b p.163). 
 

Zimbabwe 
A case study has been made in Zimbabwe of annual phosphorus flows (Gumbo & Savenije, 
2002 and Gumbo et al. 2002). The approach has been a combination of material flow 
accounting and system thinking. To analyze the flows of phosphorus in and out of the 
households, the total weekly consumption/production of phosphorus has been calculated 
through diet, the use of soap/detergents and a local solid waste study. There were also 
analyses on sewage and storm water and urine. These tests show that the phosphorus outflow 
in sewage is about 75 % of the total phosphorus outflow. The sewage contains between 0,7 
and 1,1 g P/person/day. In this village where the study was made 65 % of the waste were 
compostable organic materials (food scraps, garden waste and agricultural remains). This type 
of waste contains in average about 1,10 g/kg of phosphorus. According to Gumbo & 
Savenijes (2002 p.3) calculations for this village an application of 95 kg/ha/year of sewage 
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would give enough phosphorus for agricultural production. If the urine would be separated 
and stored properly, 52 kg/ha/year would give sufficient phosphorus input to the soils. The 
soil in Zimbabwe is considered to be low on phosphorus if the concentrations are less than 30 
mg/kg (Gumbo et al. 2002 p.7). Using these recycling methods would mean “closing the P-
cycle in this human settlement through ecological agriculture” (Gumbo & Savenije, 2002, 
p.3). 
 
The total phosphorus flow from food for a Zimbabwean is calculated by analyzing the diet. 
The yearly intake is about 500 g P/person/year which means that the average Zimbabwean 
consumes about 1,4 g P/day (Gumbo et al. 2002, p.6). 
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Results 
An SFA is done to compare the countries, and individual models for each country to present 
the results.  

SFA (Substance Flow Analysis) 
Phosphorus flows in households from four different countries are compared in the SFA-
model; Sweden, Ghana, Thailand and Zimbabwe. This is to see if there are differences in 
developed countries, developing countries and Thailand that has developed quickly during the 
past decade. 
Food
S: 0,465-0,585
G:
T:
Z: 0,5

P inflow "Solid" P outflow
S: 0,465-0,585 S: 0,057

Food, Detergents, Garden G: 1,2 G: 0,39
S: T: T: 0,058
G: 1,2 Z: 0,5 Z: 0,052-0,131
T:
Z:

Greywater S: Urine S: 0,183 Faeces S: 0,365
G: 0,14 G: G:
T: 0,876 T: T:
Z: Z: Z:

Excreta  S: 0,548
G: 0,67
T: 0,584-0,620
Z:

"Liquid" P outflow
S:0,584
G:0,81
T:1,46-1,50
Z:0,7-1,1

Household

 
Figure 2. A SFA comparing phosphorus flows in Sweden (S), Ghana (G), Thailand (T), and Zimbabwe (Z). All 
flows are in kg P/person/year. Data is included in the SFA when available in the studies used for this thesis.  
 
Inflows:  
Food - phosphorus intake through diet 
Food, Detergents, Garden – The data includes phosphorus from diet, soap and detergents 
and garden waste  
P inflow – the total phosphorus inflow to households from data available in the case studies 
 
Outflows: 
Greywater – water from kitchen, bath and laundry  
Urine – the amount of phosphorus in urine 
Faeces – the amount of phosphorus in faeces 
Excreta – the amount of phosphorus in urine and faeces together 
“Liquid” P outflow – phosphorus in greywater, urine and faeces  
“Solid” P outflow – phosphorus in organic waste from food (and garden waste, when garden 
waste is included in the inflow) 
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Process: 
Household – where phosphorus in food and from garden waste, soap and detergents is 
transformed into new outflows 
Mass balance accounting 
Rough calculations over inputs and outputs in the model have been done including data 
available. The unknown factor in some case studies are named X. X can range from 0-X to 
balance the calculation. If changing the inputs or X the result will vary. This can indicate a 
possible change in the amount of phosphorus reused in the system. 
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Sweden 

 
 
Figure 3 
Phosphorus flows as kg/person/year. Data from different studies have been used (see table 2). Statistics on how 
much organic waste that goes to combustion, landfill and compost are included in the model (Gajdos, 1998). 
Data from Björklund et al. is not used in this model due to non suitable data. 
 
A yearly phosphorus intake in Sweden through diet is around 0,465 (females) and 0,585 
(males) kg/person. A diet like this produces about 0,057 kg phosphorus in organic waste (see 
figure 3) every year and only 10 % (5,7 g) of the phosphorus is composted. Increasing the rate 
to 35 % (as the national goal is in Sweden, see Case studies - Sweden) would mean an 
increase of the recycled part to 20 g P/person/year. Extrapolated to the population of Sweden 
(9 million) this would mean that 179 550 kg phosphorus could be recycled every year 
compared to 51 300 kg phosphorus today. 
 
Using Gajdos (1998, p.72) statistics of organic waste, 5 % of the MSW was composted 
(0,00285 g P/person/year), about 50 % was burned (0,0285g P/person/year) and 45 % (0,026 
g P/person/year) dumped (used as landfill) or recycled in other ways. 
 
In Sweden 8-15,4 % of the phosphorus in organic matter inflow ends up as organic waste 
from households. 
 
Mass balance accounting 
Input 0,465-0,585 + X = Output 0,605 
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Since the input only includes food, soap and detergents are not accounted for.  
X = 0,014-0,020 (soap and detergents, greywater) 
 
Outputs from detergents in greywater could be difficult to reuse, but excreta, food scraps and 
garden waste could be included in the recycling system using the right technology.  
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Ghana 

 
Figure 4 
Phosphorus flows as kg/person/year. Phosphorus flows in the City of Kumasi, Ghana. The input data is very high 
in this study, but it includes the incoming organic waste to households like garden waste, unprocessed food etc. 
The high organic waste data does not include excreta. 
 
The data on greywater is assumed to be 0,14 (1,2 - 0,67 - 0,39 = 0,14) including soap, 
detergents and kitchen waste water. Some of the phosphorus from excreta, 0,20 
kg/person/year, is used on soils in Ghana, and about 0,11 kg from the organic waste, which is 
shown in figure 4. 
 
About 0,7 kg P/person/year is lost to the hydrosphere from excreta, organic waste and 
greywater. 
 
In Ghana 33%29 of the phosphorus in organic matter inflow ends up as organic waste from 
households.  
 
Mass balance accounting 
Input 1,2 = Output 0,95 + 0,11 + X,    X = 0,14  
X is probably the amount of phosphorus lost through greywater including soap and 
detergents.  

                                                 
29 0,39/1,2 = 0,325 
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Thailand (Southern part)  
 

 
 
Figure 5 
Phosphorus flows as kg/person/year. Data from Schouw et al. (2002a & b). No input data from food in the 
southern part of Thailand was available.  
 
The data on organic waste recycled in gardens and as animal feed (food production/soil) is 
ranging from 30-75% (Schouw 2002a, p.336), which gives 0,017-0,041 kg P/person/year) The 
range of these data is probably due to the fact that the study is based on data from three places 
in Southern Thailand.  
 
The amount of phosphorus in greywater in Thailand is 0,867 kg/person/year as shown in 
figure 5. In Thailand 10% of the phosphorus in organic matter inflow ends up as organic 
waste from households. 
 
Mass balance accounting 
Input X1 = Output 0,621-0,637 + 0,017-0,041 + X2 
Since the  input only includes food, soap and detergents are not accounted for.  
X1 = 0,638-0,678 
X2 = 0,017-0,041 that is not recycled but ends up as Output. 
  
X1 could be changed through diet and the amount of soap and detergents used containing 
phosphorus. X2 could be changed by reusing all organic waste. 
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Zimbabwe 
 

 
 
Figure 6 
Phosphorus flows as kg/person/year. Data from Gumbo et al. 2002 and Gumbo & Savenije, 2002. No separate 
data from greywater and excreta. 
  
The input data in figure 6 through diet is lower than the output from excreta depending on the 
fact that this data includes greywater (soap, detergents etc.). 
 
The output data to excreta and the hydrosphere (0,7-1,1 kg P/person/year) is sewage including 
detergents and soaps. 
 
One reason for the input data to be lower than the output data is that food production in the 
city of Kumasi is not included in the intake, nor is the inflow of soap and detergents.  
 
In Zimbabwe 10-26% of the phosphorus in organic matter inflow ends up as organic waste 
from households. 
 
Mass balance accounting 
Input 0,5 + X = Output 0,752-1,231 
X = 0,252-0,731 (soap and detergents etc.) 
 
No phosphorus is reused today according to these data. 
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Discussion 
The results do not show any specific differences between developed and developing 
countries. The data used in this thesis comes from different case studies, where different 
methods have been used to collect data, which might have affected the outcome. For example; 
the data from Ghana include additional phosphorus sources compared to the other countries, 
which leads to a higher outflow of phosphorus in solid organic waste. This does not 
necessarily mean that the phosphorus flows are larger in Ghana than in the other countries 
studied. Since the chosen data varies in its structure, it was difficult to create exactly similar 
data input in the model for all countries.  
 
The main phosphorus losses from the four countries studied are through excreta. But a 
substantial amount goes through the system as organic waste and greywater. Looking at all 
these three outflows, there is a potential for further phosphorus recycling. Needed now are 
more knowledge about the situation and how to re-circulate phosphorus to soils and crops in 
safe ways.  
 
The phosphorus intake through diet is quite similar in the different countries according to the 
data used. The diet does have an impact on the amount of phosphorus going through 
households, but it mainly affect the need of phosphorus in the production stage. As argued by 
Steen (1998) meat production requires 3-6 times more phosphorus than cereals. Animal 
products generally contain higher amounts of phosphorus per kilogram than cereals. If 
following the recommendations of yearly intake, the phosphorus intake in all studied 
countries are higher than necessary. By changing our diet to some extent, it could be possible 
to lower the amount of phosphorus needed in food production.  
 
The amount of phosphorus from inflow to households that ends up as solid organic waste (not 
including excreta and greywater) varies between 8-33% in the different countries studied. 
This amount is the amount of phosphorus that could be reused in the different countries with 
quite simple technology like composing or anaerobic digestion. When adding excreta the 
process is more complicated and need closer monitoring when it comes to health issues.  
 
Possibilities and problems 
The study in Ghana by Belevi et al. (2000) shows that about 90 % of the phosphorus 
transferred to air, water, soil and landfill in Kumasi comes from households. Meaning that if 
households start to recycle more of the organic waste, some of the present phosphorus losses 
could probably be prevented. The large flows of organic waste (including garden waste and 
greywater) in Ghana could mean that the potential for recycling is good. If correctly treated, 
more phosphorus could be used as fertilizer in agriculture.  
 
In Sweden 1998, only 5 % of the organic waste was composted or anareobically digested, 45 
% was disposed of to landfill with risk of causing leaching to waterways (leading to 
eutrophication) and the remaining 50 % went mainly to combustion (Gajdos, 1998). Today 10 
% goes to compost (RVF, 2006). This shows that there is a great potential in increasing the 
composting part, both regarding just organic waste and including excreta. If reuse of organic 
waste in Sweden increased to 35 % (as the goal is in the National Waste Management plan) 
this would mean that 179 550 kg P30 every year would be reused instead of the present 51 300 

                                                 
30 using data from Palmquist & Jönsson (2003 p.590) and setting the population in Sweden to 9million people.  
0,057 * 9 000 000 * 0,35 = 179550 
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kg P31 per year. This number could be increased even further if a higher amount was recycled 
and if the most effective and suitable technology was to be used.  
 
The same goes for the Thailand and Zimbabwe; that is, more organic waste could be recycled 
and used again within agriculture.  
There are some problems connected to recycling of phosphorus, especially phosphorus in 
excreta. Excreta do contain heavy metals, hormones and germs, which should be handled with 
care, especially if to be used on food crops.  
 
The attitude towards handling excreta is also quite negative. Ecological sanitation projects 
where urine and faeces is diverted show that people do not like the smell and other people’s 
excreta. Farmers are somehow more positive towards excreta as fertilizer, but only on crops 
not sensitive to the market. 
 
Mass balance 
Using the concept of mass balance, where the input should equal the outflow depending on 
stocks and processes included, possible scenarios can be created. Comparing the inflows with 
the amount of recycled phosphorus and how a change in waste management could increase 
the amount of phosphorus kept in the system. The data available at this point only gives a 
rough estimation of the flows. A general feeling for how the concept can be used could 
benefit further research within the area and make it easier to create scenarios for how long our 
phosphorus resources will last and what outputs to consider first when it comes to waste 
management. The results from this study shows that soap and detergents are generally not 
included in the inflow data and sometimes greywater outflows can be calculated by using 
mass balance calculations. 
 
Reduced need for chemical fertilizers  
As argued by Jönsson et al. (2004, p.5): if all phosphorus taken out of the soils was brought 
back by a closed system, almost no chemical fertilisers would be needed. In Thailand studies 
show that by reusing organic waste (kitchen waste) and greywater (from dish- and cloth wash, 
personal hygiene and kitchen), would be equivalent to 8 % of the need of phosphorus 
fertilizer. Calculations from Ghana (Belevi et al. 2000) indicate that by recycling organic 
waste (including faecal sludge) 30 % of urban and peri-urban demands for fertilizer could be 
covered. Phosphorus from chemical fertilizers can be replaced by organic fertilizer at a ratio 
of 1:1 (Björklund et al. 2000). Using these data could be a good start when it comes to 
approach the sustainability issue and how we handle all of our waste today. To achieve a 
higher amount of reuse municipal offices and governments probably need to be involved in 
the beginning to change laws and offer the knowledge.  
 
Sustainable food production 
Since a large share of the human population today is undernourished, or on the verge of 
starvation, it is crucial to address the problem of food security. To achieve global food 
security and reach the Millennium Development Goal about eradication poverty and halving 
the amount of people suffering from hunger by the year 2015 (UN, 2005), it is important to 
raise this issue and consider the use of phosphorus and other nutrients. 
 
The possibility to recycle phosphorus from organic waste is good. Using old knowledge and 
traditions about nutrient use and agriculture could help prevent soils from phosphorus 
                                                 
31 using data from Palmquist & Jönsson (2003 p.590) and setting the population in Sweden to 9million people 
0,057 * 9 000 000 * 0,10 = 51300 
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depletion. Using food scraps as animal fodder or spreading organic waste in gardens or on 
soils is useful in rural areas. In urban areas this might not be an option, but new technology 
regarding composting and anaerobic digestion provides opportunities for cost effective, as 
well as energy effective, systems that could help prevent phosphorus shortages in the world. 
 
Technology 
In many rural areas, reuse of organic waste has been a natural way of living, either by 
spreading the waste in gardens, on fields or using it as animal fodder. Unfortunately this 
knowledge is starting to vanish and it is not applicable in urban areas. For sustainability it is 
important to use modern efficient technology, especially for urban areas with large amounts 
organic waste being handled. But, where possible, thinking in more “old fashioned” terms of 
small-scale farming, local reuse and organic methods is just as important. Different solutions 
might be necessary for different areas. Some of the things needed to consider when choosing 
system for an area is climate, knowledge, economy and location. Urban areas often need 
solutions able to manage large quantities in a short time. Anaerobic digestion could be a good 
solution for this, producing both biogas and bio fertilizer (Svensk biogas, 2006). A closed 
system with bioreactors has very high efficiency, both when it comes to producing bio 
fertilizers and biogas, and only takes a few weeks to operate, which is suitable for urban areas 
where space is limited (Gajdos, 1998). For areas not yet connected to water-based sewage 
systems the possibilities of separating faeces and urine are good. The faeces could then be co-
composted together with other organic waste and increase the amount of reused phosphorus. 
The compost is then suitable as soil improver for growing animal feed. The urine, if stored 
separately, is also a very good fertilizer containing a lot of phosphorus (Jönsson et al. 2004). 
Recycling excreta does involve problems with heavy metals and germs, which must be taken 
into consideration. 
 
For poor or rural areas with no or little access to technology and education, composts for one 
or more households are an option. To improve the quality of composted organic waste 
earthworms can be present using the technique of vermicomposting (Ghosh et al. 1998). 
Earthworms help to transform phosphorus from the organic waste to easily extractable 
phosphorus useful for agriculture. This works well for garden waste, kitchen waste, animal 
excreta etc. 
 
Economics 
It is possible to see economical benefits from reuse of resources like phosphorus. Gajdos 
(1998) studied Swedish conditions and found that every year USD 10-15 per person is lost 
due to inefficient recycling of nutrients. In a whole city or country this could mean an 
extensive sum of money. It is not clear in the study if this is net or gross savings, which 
affects the economical outcome considerably, but shows that economics could be an 
important factor for recycling. Most countries need to import phosphorus mined in other 
countries, which is costly, but when the phosphate resources are becoming more scarce and 
difficult to mine, the prices will increase further.  
 

Conclusions  
Starting by answering the question; if a different approach when it comes to the use of/reuse 
of phosphorus from organic waste from households prevent food shortages, promote 
improved agricultural systems and lead to more sustainable food production, there is 
definitely both resources and money to be saved within this area as well as decreasing the 
environmental impact of phosphorus.  
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Viewing organic waste and excreta as raw material for fertilizers or soil improver is important 
for securing food production for future generations. When phosphorus is becoming more and 
more scarce, reuse is crucial. Technology today offers a very good outcome of phosphorus 
after treating organic waste and excreta correctly. Closed composts and co-composting of 
faeces and household waste are good examples on effective systems, as well as anaerobic 
digestion and biogas production. Where this kind of technology is not available, open 
composts and vermicomposting could be good options. Reuse of excreta does involve some 
problems with heavy metals, hormones and germs. 
 
Unfortunately the idea about recycling phosphorus has still not been embraced globally in the 
extent needed. But the possibility to limit the impact of phosphorus as the restricting nutrient 
in agriculture is good. If households start to recycle their organic waste, and excreta is seen as 
a nutrient resource, our dependence on chemical fertilizers could decrease substantially.  
 

Comments from the author 
It has been really interesting to “explore” the world of phosphorus. If more time had been 
available, I would have liked to compare a few more countries and to include data on more 
flows like greywater and excreta in the model. I lacked data on how much of the organic 
waste that actually went to composting or similar treatment in some countries. Looking 
deeper into the different types of technology available within the area would give a possibility 
to make clear recommendations on recycling systems suitable for different areas.  
 
A huge problem about reusing excreta as fertilizers is the attitude amongst farmers and 
consumers. It is worth considering this in further research as well as environmental problems 
connected to phosphorus such as eutrophication and mining that also deserves more space.  
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